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THICK FILM THERMOCOUPLES

BACKGROUND OF THE INVENTION

The present invention generally relates to thermo-
couples and to the method of making thermocouples.
More specifically, the invention is related to thermo-
couples made by thick film technology wherein metal
pastes containing frit are applied by known printing or
coating techniques to a suitable surface, subsequently
fired and assembled as a thermocouple.

Thermocouples have been in widespread use for
many years. The small electrical voltage generated at
the junction of two dissimilar metals changes in propor-
tion to the temperature of the junction (relative to a
reference temperature). With the standardized thermo-
couples in common use a reasonably linear response of
the voltage produced to the temperature is obtained.

Measurement of high temperatures with thermocou-
ples is possible; however, due to the deterioration of the
metals at high temperatures, difficulties in maintaining a
stable voltage have been experienced. In U.S. Pat. No.
3,066,177, the inferior performance at temperatures
above 1100° C typical of Chromel-Alumel ® thermo-
couples is discussed, and a replacement for such ther-
mocouples which employs precious metals and exhibits
long term stability at high temperatures was disclosed
and claimed. While Chromel-Alumel ®) thermocouples
have a positive leg of 90 percent nickel and 10 percent
chromium and a negative leg of 94 percent nickel, 3
percent manganese, 2 percent aluminum and 1 percent
silicon, the improved thermocouples, which are avail-
able commercially under the name Platinel ®), have a
positive leg of 50-85 percent palladium, 10-35 percent
platinum, and 2-15 percent gold and a negative leg of
60-70 percent gold and 30-40 percent palladium.

In particular, two compositions are presently com-
mercially produced: Platinel ®I, having a positive leg
of the nominal composition 83 percent palladium, 14
percent platinum, 3 percent gold, all by weight, and a
negative leg having a nominal composition of 65 per-
cent gold and 35 percent palladium by weight; and
Platinel ®II, having a positive leg of the nominal com-
position 55 percent palladium, 31 percent platinum, and
14 percent gold by weight and a negative leg having a
nominal composition of 65 percent gold and 35 percent
palladium by weight. These compositions match the
standard Chromel-Alumel ® thermocouple perfor-
mance, (which itself meets those for Type K thermo-
couples set by the Instrument Society of America) and
they can be used with the same electronic measuring
equipment as the Chromel-Alumel ® thermocouples.

Typically thermocouples are constructed with solid
wire, as are the Chromel-Alumel® and Platinel ®
thermocouples mentioned above. In U.S. Pat. No.
3,099,575, thermocouples are described which are made
by thick film technology as used in thick film hybnd
micro-circuits. The thermocouple legs are made of
components selected from the group consisting of plati-
num, palladium, iridium, rhodium, and gold. No frit 1s
utilized in the manufacture of such thermocouple films.
However, such thermocouples have unsatisfactory ad-
hesion to the surface on which they are placed and thetr
electrical performance is inconsistent.

Glass frits of various sorts are widely used in the
electronic thick film industry as binders and their rela-
tive amounts may vary widely. In the manufacture of
conductors, the metal conductivity is achieved essen-
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tially by using sufficient metal and is not significantly
affected by the frit. However, the composition of the
frit can be important in resistor applications. For exam-
ple, U.S. Pat. No. 3,207,706 discusses the effect of frits

-on the Temperature Coefficient of Resistance (TCR)

and resistance stability (drift). Since electronic applica-
tions typically operate at low temperatures, such as
military circuit specifications of —55° C to 155° C, the
performance of the frits at high temperatures of opera-
tion is of little concern. |

It is well known in the thermocouple art that the
composition of thermocouple wires must be carefully
controlled in order to assure consistent electrical per-
formance. Therefore, it would be expected by those
skilled in the thermocouple art that addition of extrane-
ous materials such as a frit to the thick film paste would

have deleterious effects on the electrical performance of
the thermocouple.

Thick films including a metal component and a frit
have been successfully used in the manufacture of resis-
tance thermometers, of which U.S. Pat. No. 3,781,749 is
an example. However, in contrast to the thermoelectric
effect created in thermocouples by use of two dissimilar
elements, the variation of electrical resistance of a single
element with temperature is used to measure tempera-
ture in a resistance thermometer. A survey in Instru-
ment Practice, May 1966, discusses some of such appli-
cations, which in general involve measurement of tran-
sient conditions where the rapid response of a thick film
is of particular value.

It would be desirable to form thick film thermocou-
ples which could adequately withstand high tempera-
ture exposure and retain the electrical stability and
physical durability typical of the precious metal ther-
mocouples presently used. Such thick film thermocou-
ples would be less expensive and could directly replace
solid wire thermocouples in many applications. For
other applications, thick film thermocouples would be
preferred to obtain rapid response to temperature
changes and other inherent advantages of directly ap-
plying the thermocouple legs to the surface being mea-
sured. Preferably, they would be formulated to achieve
an EMF response matching that of the standard solid
wire thermocouples. However, non-standard thermo-
couples could be used i1f measuring equipment were
designed especially to suit the voltage they produce in
response to changes in temperature.

In accordance with the present invention, there is
disclosed a thick film thermocouple using a frit and
exhibiting substantially improved mechanical properties
while at the same time having essentially no effect on
the electrical response. Such thick film thermocouples
are disclosed below in greater detail.

SUMMARY OF THE INVENTION

In accordance with the invention, there is provided a
two-component system for use in forming by thick film
techniques a thermocouple having joined positive and
negative elements on a common surface, applied di-
rectly if the surface 1s non-conductive or onto an insu-
lating film if the surface is electrically conductive. This
system comprises a first paste and a second paste for
application individually to the surface and firing
thereon to form respective elongated films overlapping
only at a thermoelectric junction area. Each of these
pastes consists essentially of (a) a powdered metal com-
ponent comprising at least one metal selected from the
group consiting of platinum, palladium, iridium, rho-
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dium, ruthenium, gold and silver, (b) a frit in amount by
weight equal to between about 5-35 percent of the
combined weight of the metal component and frit, the
components of the frit being neutral with respect to the
thermoelectric EMF developed by the thermocouple in °
order to minimize EMF drift during operation, and (c)';'j
an organic liquid vehicle. The composition of the pow-
dered metal components in the first paste is different
from that of the second paste in order to provide a
suitable thermoelectric EMF across the thermocouple
junction. The powdered metal component and the frit
are admixed and suspended in the vehicle i each of the
pastes. |

A thermocouple in accordance with the invention
comprises a support member and elongated positive and
negative elements deposited directly on the surface of
the support if electrically non-conductive or onto an
insulating film if the support suface is conductive. Each
element is comprised after firing of powdered metal 20
components and frit as aforesaid. The two elements
contact each other only at the junction area across -
- which the thermoelectric EMF is to be developed.

Suitable mounting arrangements for the supportmg
surface and for connecting electric leads to the positive 2>

and negatlve elements thereon may be provided.

In accordance with the invention, the method of
making a thermocouple by thick film techniques com-
vrises the steps of providing a first paste consisting
essentially of the aforesaid powdered metal component,
the aforesaid neutral frit, and an organic liquid vehicle.
A second paste also is provided, consisting essentially of .
a similar powdered metal component containing at least
one or more of the aforementioned metals but differing
in composition so as to provide a thermoelectric EMF,
of a similar or identical neutral frit, and of organic liquid
vehicle. The first paste is applied as a first elongated
film on an electrically insulating surface, and the second
paste is applied as a second elongated film on the sur-
face with the second film overlying the first film only at
a junction area. The first and second elongated films are
fired on the surface to remove the vehicles, bond the
films to the surface, and form electrically conductive
positive and negative thermocouple elements from the
first and second films respectively.

Thick film thermocouples made in accordance with"
preferred embodiments of the present invention have
electrical stability and physical durability at high tem-
peratures and match the performance of the more ex-
pensive solid wire thermocouples In such cases, direct
substitition for solid wire thermocouples is possible.
Where direct substitution for solid wire thermocouples
is unnecessary, compositions can be used for thick film
thermocouples which provide some desired relation
between EMF and temperature although they would
require measuring equipment designed especially to
match their performance.

The performance of the thick ﬁlm thermocouple of a
particularly preferred embodiment of the invention
matches extremely closely the voltage produced by the
solid wire precious metal thermocouples of U.S. Pat. .
No. 3,066,177 and may be directly substituted therefor.
Where long service life is important the thermocouple is
limited to a maximum useful temperature of about
800°-850° C. However, for short exposures, much

higher temperatures can be measured.
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4
BRIEF DESCRIPTION-OF THE DRAWINGS

FIG. 1is a graph illustrating the effect of various frits
on the performance of thick film thermocouples.

FIG. 2 is a graph comparing the performance of
thermocouples according .to the invention with the
prior art precious metal thermocouples. = .

FIG. 3is a graph illustrating the performance of thick
film - thermocouples prepared from various prec1ous |
metals.

DESCRIPTION OF THE PREFERRED
- '~ EMBODIMENTS

When thick film thermocouples of the present inven-
tion are intended to match the performance of the Plati-
nel ® thermocouples, metal compositions correspond-
ing to those typically used for solid wire thermocouples
are used for the positive and negative legs. However,
other compositions may be used when such a matching
of standard thermocouple performance is not needed. A
number of precious metals and alloys thereof could be
used in combination to produce specialized thick films
thermocouples having a particularly desired EMF out-
put as related to temperature. While they could not be .

substituted directly for-the standardized thermocouples,.

if provided with measuring equipment designed espe-
cially for such specialized thermocouples, they could be
successfully used for temperature measurement. As an
example, thermocouples can be made in which one leg
contains only platinum metal and the second leg con-
tains such metals as palladium, rhodlum, iridium, gold,
silver, and ruthenium, either singly or in combination.
Additionally, thermocouples ‘can be formed in which
the positive leg comprises one or more metals selected
from the group consisting of platinum, palladium, irid-
ium, rhodium, ruthenium, gold, and silver, while the
negative leg comprises one or more metals from the
same group, although the compositions of the two legs
differ in order to obtain an operative thermocouple.

Although matching of Platinel ® thermocouples,
which themselves correspond to Type K established by
the Instrument Society of America, is possible in a par-
ticularly preferred embodiment of the invention, sev-
eral other standard types may also be mentioned as
examples. Type S, having a nominal composition of 90
percent platinum —10 percent rhodium in its positive
leg and platinum alone as its negative leg, is one such
standard thermocouple which could be made by the
method of the invention. Type B, having a nominal
composition of 70 percent platinum — 30 percent rho-
dium in its positive leg and 94 percent platinum and 6
percent rhodium as its negative leg, and Type R, having
a nominal composition of 87 percent Pt-13% Rh and
platinum alone as its negative leg are other such stan-
dard thermocouples.

When thermocouples are to be made corresponding

- to those of U.S. Pat. No. 3,066,177, the positive element

preferably utilizes a powdered metal component con-
sisting essentially of 2-15 percent gold, 50-85 percent

palladium, and 10-35 percent platinum by weight, and

the negative element preferably utilizes a powdered
metal component consisting essentially of 60-70 percent
gold and 30-40 percent palladium by weight. In a spe-
cific embodiment, matching the Platinel ®) thermocou-
ples, the positive thermocouple element advantageously
1s formed using a paste containing a powdered metal
component or powdered alloy consisting of about 83
percent palladium, about 14 percent platinum, and
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about 3 percent gold by weight, while the negative
thermocouple element in contact therewith is formed
using a paste containing a powdered metal component
or powdered alloy consisting of about 65 percent gold
and about 35 percent palladium by weight. In another
such specific embodiment, the positive element is
formed using a paste containing a powdered metal com-
ponent or powdered alloy consisting of about 55 per-
cent palladium, about 31 percent platinum and about 14
percent gold by weight, the negative element utilizing
the same 65-35 gold-palladium composition.

The thick film thermocouple elements are formed in
a similar manner to that used in the micro-electronics

10

industry. Finely divided metal and frit powders are

mixed with a vehicle to form a paste of proper consis-
tency for application to a surface. After application by
screen printing or other suitable technique such as
brushing, rolling, stamping and the like, the resulting
film 1s dried and then fired at high temperatures to
volatilize and remove the vehicle, while bonding the
film to the surface. The paste must be formulated, with
particular attention to the frit, to provide satisfactory
mechanical properties while avoiding unsatisfactory
electrical performance. In the formation of a thick film
thermocouple, any effect of the frit on performance at
the higher operating temperatures becomes important.

In some instances, drift of thermoelectric EMF at tem-
peratures in the range to be measured is excessive and

the frit prevents the thermocouple from retaining its
intended EMF vs. temperature response. Certain frits
have been found to have no apparent interaction with
the metals used and drift is negligible as will be seen in
FI1G. 1, discussed hereinbelow in greater detail. Such
frits may be said to be neutral with respect to the metal-
lic constituents. While the mechanisms by which such
neutiral behavior are obtained are not fully understood,
it 1s believed that the frit should contain no constituent
which 1s reducible to the metallic state wherein it would
alloy with the metallic components and thus change the
thermoelectric properties of the film. Likewise, it is
believed that the frit should contain no constituent
which can react with a metallic component of the film
to form a compound having a deleterious effect on
thermoelectric properties. The frit should be neutral
with regard to the metal components if they are to
retain in a thick film the thermoelectric properties char-
acteristic of typical solid wire thermocouples. Also it
will be understood that the frit must be compatible with
the substrate, and must not react with the atmosphere
during firing or at operating temperatures, or otherwise
suffer degradation or decomposition causing loss of
adhesion to the substrate.

FIG. 1 illustrates the performance of five commer-
cially available frits. In each case two thick film pastes
were made, one for each of the positive and negative
legs corresponding to Platinel ® 1. Finely powdered
alloys having a particle size less than 20 microns were
mixed with each of the four frits having a particle size
less than 5 microns to produce dry mixtures containing
85 percent alloy and 15 percent frit by weight. The dry
mixed metal powder and frit were then mixed in a roll
mill with sufficient vehicle (5-15 percent ethyl cellulose
in butyl carbitol acetate) to produce a uniform paste
having a viscosity suitable for screen printing through a
325 mesh screen.

Other suitable organic liquid vehicles may be substi-
tuted for the ethyl cellulose in butyl carbitol acetate
used in the paste of FIG. 1. Vehicles generally comprise
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two ingredients, a thickening resin and a solvent. The
resins control paste viscosity to that suitable for the
method of application, which is typically screen print-
ing for thick film applications. Examples of such resins
include polystyrenes, polyterpenes, polymethacrylates
and ethyl cellulose. The solvents are usually non-polar
organic liquids having a relatively low vapor pressure
at room temperature. Examples include butyl carbitol
acetate, ethyl naphthalene, phenylcyclohexane, ter-
penes such as pine oil, alpha- and beta-terpineol and the
like, and mixtures of aliphatic and aromatic hydrocar-
bons.

The positive thermocouple leg in each example of
FIG. 1 was printed on a surface of alumina followed by
printing of the negative leg, which only touched the
positive leg at their junction area or point where the
temperature would be measured. After printing, the
films on alumina were fired in air in a typical continuous
belt furnace using a cycle providing a period of ten
minutes at about 100° C for preliminary drying of the
vehicle followed by a uniform increase over 45 minutes
to a temperature of 1000° C, and then holding at that
temperature for fifteen minutes. After firing, the films
on alumina were gradually cooled to ambient tempera-
ture.

Leads were attached to each of the fired thermocou-
ples and then they were tested at a constant temperature
of 700° C in air to determine the long-term stability. As
will be clear from FIG. 1, frit A apparently interacted
with the metals, affecting the thermocouple stability
dramatically. After 100 hours the thermocouple made
with frit A had drifted more than 20 millivolts. After
about 300 hours, this was also true of the thermocouple
using frit B. The performance of frit C was better but
still unsatisfactory. When it is realized that a variation
of about 4.1 millivolts corrresponds to a difference of
100° C, it will be clear that the performance of any of
frits A, B, and C would be unsatisfactory for any but the
shortest exposure. The thermocouples formulated with
frits D and E, however, show substantially no drift over
a period of about 1000 hours’ exposure. The composi-
tion of the frits of FIG. 1 are given in Table A.

The lead-containing frits A, B, and C, similar to those
lead borosilicate frits commonly used in the thick-film
microelectronics industry in pastes for resistor elements
and the like, appear unsatisfactory for thermocouple
applications, where the fired films perform a markedly
different function. Particular care would have to be
exercised to avoid frit constituents which tend to be
unstable during firing and producing a change of the
thermoelectric properties of the film. Frit constituents
containing more or less easily reducible oxides of metals
such as lead, copper, cadmium, bismuth, nickel, cobalt,
and iron should be avoided if possible in favor of more
stable oxides or if unavoidable the combined total
should be maintained below one weight percent. By
essentially excluding or closely controlling the amounts
of such relatively easily reducible oxides, the thermo-
electric EMF of the thermocouples of the invention
may be stabilized and the drift during continuous opera-
tion minimized. Nevertheless, such metals may be pro-

~ vided as stable compounds instead of reducible oxides.
- Alternatively, relatively unstable compounds might be

635

used 1if they react with other constituents or materials
present during firing of the paste to form stable com-
pounds, such as a silicate or titanate compound, which
have the necessary stability while providing the re-
quired wetting and sintering characteristics. Particular
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care in choice of stable frit compositions also is indi-
cated if the firing or operation of the thermocouple is to
be carried out under reducing conditions. Firing or

operation in air would be generally preferred.

8

nium, gold, and rhodium versus platinum. Also, the
performance of platinum versus 90 percent platinum —
10 percent rhodium is also shown (Type S equivalent).

The foregoing description of the preferred embodi-

TABLE A
Frit PbO SiO, B,0; CuO Bi,0; CdO ALO; Na, 0O CaO MgO ZnO TiO BaO  Balance
A 23 66 34 8 59 — — —  m e = = = —
B 622 214 85 — 4. 3.0 — —— = = - e -
C 162 193  —- — — — 13.2 — — — 11.2 84 7.8 23.9
D — 650 219 — — — 8.2 4.4 03 02 — - — —
E — 525 363 — — — 1.0 7.3 29 @ — = - - —

Although an 85/15 weight ratio of powdered metal
to frit is typical, the frit may be included in amounts
between about 5 percent and 35 percent of the com-
bined weight of the metal plus frit, as limited by high
electrical resistance above about 35 percent frit 1s used

15

-and by inferior adhesion when below about-5 percent -

frit is used. Frit in amounts between 10-20 percent of
the combined weight of the metal and frit are generally
preferred.

Using the proper frit such as frit D or E the relative
performance of the thermocouple, as illustrated in Ex-
ample 1, can remain quite stable over an extended per-
~ jod. The absolute performance of such thermocouples is
shown in FIG. 2 where a thermocouple corresponding
to that shown by curve D and E in FIG. 1 can be seen

to essentially parallel that of the standard solid wire.

Platinel ®) thermocouple over a wide range of tempera-
tures. By careful adjustment of the composition the
thick film thermocouple can meet the EMF standard
within & § percent tolerance. As FIGS. 1 and 2 illus-
trate, a thermocouple fabricated according to the inven-
tion is capable of direct substitution for the more expen-
sive solid wire thermocouples heretofore used, up to
temperatures in the range of 800°-850° C for continuous
operation in air. For short time exposures, higher tem-
peratures can be measured.

It has been found especially useful in forming stable
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and uniform thermocouples according to the invention

to use, as the powdered metal components in the pastes,
alloys made by any of the various known procedures.
Examples include atomization of the molten alloy, pul-
verizing of metallic sponges, chemical alloy precipita-
tion, and mechanical alloying of mixtures of different
metal powders using milling techniques. Alternatively,
the paste may comprise a mixture of powders of the
individual metals constituting the alloy, the alloying
then being consummated durlng the firing process.

It will be appreCIated that in most applications long-
term stability is an extremely valuable property of any
thermocouple. In order to further improve the stability
of the thermocouple of the invention an additional pro-
tective glaze may be used to cover the fired thermo-
couple. Overglaze materials containing lead oxide, and
‘ordinarily also oxides of copper, cadmium, bismuth,
nickel, cobalt, and iron, likewise preferably should be
‘avoided. In one specific embodiment a frit such as frit D
is mixed with a suitable vehicle and applied to the fired
thermocouple, followed by refiring in the furnace at a
temperature of 950“ 1000° C to soften the frit and form
the glaze.

In other embodiments of the invention thick film
thermocouples can be made with other precious metals,
as previously described. Examples of the performance
of such thermocouples are given in FIG. 3. While the
EMF produced is lower than for the Type

K/Platinel ® thermocouple, significant EMF values
are shown for thick film thermocouples of silver, ruthe-
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ments is for illustration only and should not be consid-
ered to limit the scope of the invention as defined by the
claims which follow. -

What is claimed is: -

1. A two-component system for use in formmg by
thick film techniques a thermocouple having joined
positive and negative elements on a common electri-
cally nonconductive surface, comprising:

a first paste and a second paste for application indi-
vidually to said surface and firing thereon to form
two films overlapping only at a thermoelectric
junction area;

each of said pastes consisting essentially of (a) a pow-
dered metal component consisting of at least one
metal selected from the group consisting of plati-
num, palladium, iridium, rhodium, ruthenum,
gold, and silver, (b) a frit in amount by weight
equal to between about 5-35 percent of the com-
bined weight of metal and frit, said frit containing
constituents neutral with respect to said metal com-
ponents and a total of less than one weight percent
of constituents capable of causing a significant

‘detrimental effect on the thermoelectric EMF pro-
duced at said junction whereby the thermoelectric
EMF of said thermocouple is stablized and drift of
said EMF during operation is minimized, and (¢) an
organic liquid vehicle;

the composition of said powdered metal components
in said first and second pastes being sufficiently
different to provide said thermoelectric EMF
across said junction; and

said powdered metal component and said frit being
admixed and suspended in said vehicle in each of
said pastes.

2. The two-component system of claim 1, wherein
said powdered metal component of said first paste con-
sists essentially of about 50-85 percent palladium, about
10-35 percent platinum, and about 2-15 percent gold by
weight for forming a positive thermocouple element,
and said powdered metal component of said second
paste consists essentially of about 60-70 percent gold
and about 30-40 percent palladium by weight for form-
ing a negative thermocouple element.

3. The two-component system of claim 2, wherem
said powdered metal component of said first paste con-
sists essentially of a powdered alloy containing about 83

percent palladium, about 14 percent platinum, and

about 3 percent gold by weight for forming a positive
thermocouple element, and said powdered metal com-
ponent of said second paste consists essentially of a
powdered alloy containing about 65 percent gold and
about 35 percent palladium by weight for forming a
negative thermocouple element.

4. The two-component system of claim 2, wherein
said powdered metal component of said first paste con-
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sists essentially of a powdered alloy containing about 55
percent palladium, about 31 percent platinum, and
about 14 percent gold by weight for forming a positive
thermocouple element, and said powdered metal com-
ponent of said second paste consists essentially of a
powdered alloy containing about 65 percent gold and
about 35 percent palladium by weight for forming a
negative thermocouple element. '

5. The two-component system of claim 1 wherein
said frit contains only such amounts of lead oxides as
cause no significant detrimental effect upon the thermo-
electric EMF drift of the formed thermocouple.

6. The two-component system of claim 1 wherein
said frit contains a total of less than about one weight
percent of the group of metal oxides consisting of lead,
copper, cadmium, bismuth, nickel, cobalt, and iron.

7. A thermocouple, comprising: |

a support member providing an electrically noncon-
ductive surface:

a positive element deposited and fired on said surface,
consisting essentially of a first powdered metal
component consisting of at least one metal selected
from the precious rietal group consisting of plati-
num, palladium, iridium, rhodium, ruthenium,

gold, and silver, and between about 5-35 weight

percent of a frit adherent to said surface and con-
taining constituents neutral with respect to said
first metal component and a total of less than one
weight percent of constituents capable of causing a
significant detrimental effect on the thermoelectric
EMF produced at the junction area of said thermo-
couple whereby the thermoelectric EMF of said
thermocouple is stabilized and drift is minimized
during operation; and

a negative element deposited and fired on said surface
and contacting said positive element only at a junc-
tion area, consisting essentially of a second pow-
dered metal component consisting of at least one
metal selected from said precious metal group but
sufficiently different in composition from said first
powdered metal component so as to provide said
thermoelectric EMF across said junction, and be-
tween about 5-35 weight percent of a frit contain-
ing constituents neutral with respect to said second
metal component and a total of less than one
weight percent of constituents capable of causing a
significant detrimental effect on the thermoelectric
EMF produced at the junction area of said thermo-
couple whereby said thermoelectric EMF of said
thermocouple is stabilized and drift is minimized
during operation.

8. The thermocouple of claim 7, in which said first

powdered metal component consists essentially of

about 50-85 percent palladium, about 10-35 percent
platinum, and about 2-15 percent gold by weight, and
said second powdered metal component consists essen-
tially of about 60-70 percent gold and about 30-40
percent palladium by weight.

9. The thermocouple of claim 8, in which the fired frit
of each of said elements is present in amount by weight
equal to between about 5-35 percent of the combined
weight of the metal and frit in that element.

10. The thermocouple of claim 9, in which the frit is
present in each of said elements in amount between
about 10-20 percent of the combined weight of the
metal and frit therein.
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11. The thermocouple of claim 7, in which said posi-
tive and negative elements are covered by a fired adher-
ent overglaze.

12. The thermocouple of claim 8, in which said first
powdered metal component is an alloy of about 83
percent palladium, about 14 percent platinum, and
about 3 percent gold by weight, and said second pow-
dered metal component is an alloy of about 65 percent
gold and about 35 percent palladium by weight.

13. The thermocouple of claim 8, in which said first
powdered metal component is an alloy of about 55
percent palladium, about 31 percent platinum, and
about 14 percent gold by weight, and said second pow-
dered metal component is an alloy of about 65 percent
gold and about 35 percent palladium by weight.

14. A method of making a thermocouple, comprising
the steps of:

(1) providing a first paste and a second paste adapted
for application to and firing on a surface to form
thermocouple elements thereon, each of said pastes
consisting essentially of (a) a powdered metal com-.
ponent consisting of at least one metal selected
from the group consisting of platinum, palladium,
iridium, rhodium, ruthenium, gold, and silver, (b) a
frit in amount by weight equal to between about
5-335 percent of the combined weight of metal and
frit, said frit containing constituents being neutral
with respect to said metal components and a total
of less than one weight percent of constituents
capable of causing a significant detrimental effect
on the thermoelectric EMF produced at said junc-
tion, whereby the thermoelectric EMF of said
thermocouple is stabilized and drift of said EMF
during operation is minimized and (c) an organic
liquid vehicle;

the composition of said powdered metal components
in said first and second pastes being sufficiently
different to provide said thermoelectric EMF
across such junction, and said powdered metal
component and said frit being admixed and sus-
pended 1n said vehicle in each of said pastes;

(2) applying said first paste as a first film on an electri-
cally nonconductive surface;

(3) applying said second paste as a second film on said
surface with said second film overlying said first
film only at a junction area; and

(4) firing said first and second films on said surface to
eliminate said vehicles and form adherent, electri-
cally conductive positive and negative thermo-
couple elements from said first and second films
respectively. |

15. The method of claim 14, wherein said first paste is
provided with a powdered metal component consisting
essentially of about 50-85 percent palladium, about
10-35 percent platinum, and about 215 percent gold by
weight, and said second paste is provided with a pow-
dered metal component consisting essentially of about
60-70 percent gold and about 30-40 percent palladium
by weight. .

16. The method of claim 15, wherein said first paste is
provided with a powdered metal component consisting
essentially of about 83 percent palladium, about 14 per- .
cent platinum, and about 3 percent gold by weight, and
said second paste is provided with a powdered metal
component consisting essentially of about 65 percent
gold and about 35 percent palladium by weight.

17. The method of claim 15, wherein said first paste is
provided with a powdered metal component consisting
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essentially of about 55 percent palladium, about 31 per-
cent platinum, and about 14 percent gold by weight,
and said second paste is provided with a powdered
metal component consisting essen_iially of about 65 per-

cent gold and about 35 percent palladium by weight.

18. The method of claim 14, wherein said firing step

(4) is carried out by drying the films applied to the

surface in step (4) at a temperature of about 100°~150° C
for at least 10 minutes, increasing the temperature to

10

about 1000° C during a period of about 45 minutes, then
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holding at about 1000" C for a period of about 15 min-

utes.
19. The method of clalm 14 whereln, followmg said

firing step (4), a glazing formulation is applied to the
fired films, followed by ﬁrmg to form thereon an adher- _

ent overglaze.

20. The method of claim 19, wherem said glazmg -
formulation consists essentlally of a frit and an orgamc
liquid vehicle, and said frit in both of said pastes and in

said glazing formulatlon havmg substantially the same

composmon .
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